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[57] ABSTRACT

The invention relates to a process for the purification of
brominated styrenic homo-polymers and co-polymers.
The purification process reduces or removes contained
aliphatic bromine, and free bromine resulting from the
reaction of the brominated reagent with the polystyrene
backbone. In addition, the method optionally removes
occluded mnorganic halide impurities from the polymer.
These impurities are considered undesirable due to their
adverse effects on thermal aging and stability of the
final end use resin formulations.
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PROCESS FOR PURIFYING BROMINATED
POLYSTYRENE

This application is a continuation of application Ser.
No. 07/494,302, filed Mar. 16, 1990, (now abandoned).

FIELD OF INVENTION

The present invention relates to a process for the
purification of brominated styrenic homo- and co-
polymers.

BACKGROUND OF THE INVENTION

The potential use of brominated polystyrene to flame
retard plastic components for use in household appli-
ances, chemical or foodstuff containers, machine com-
ponents and the like has become well-known. Bromi-
nated polystyrenes are typically obtained through the
Lewis acid catalyzed aromatic bromination of polysty-
rene. The styrenic polymers to be brominated are pro-
duced by any of the common polymerization tech-
niques. These methods commonly employ ionic or free
radical initiated polymerization of styrenic monomers
with or without a solvent. Bromination of the polysty-
rene 1s typically achieved using a metal halide catalyst
such as antimony trichloride and bromine or bromine
chloride as the bromination reagent. An organic halo-
carbon solvent such as dichloroethane is also used in the
bromination reaction.

Alternatively, brominated polystyrene may be pro-
duced using bromine as the reaction solvent, bromine
chloride as the bromination reagent and an anhydrous
metal halide catalyst. This process, which is the subject
of co-pending U.S. patent application Ser. No. 007,778,
now abandoned, permits controlled bromination of the
polystyrene. At the same time, however, it affords a
product with higher levels of occluded free bromine
and 10nics as well as higher levels of contained aliphatic

halogen. The aliphatic bromine impurities have been
found to result in a brominated polymer of lower ther-
mal stability when subjected to formulation conditions
resulting in discoloration of the formulation and corro-
sivity to the processing equipment. Ionics may degrade
formulations in respect to their ultimate electrical prop-
erties. They may also result in corrosion of processing
equipment or in the corrosion of metallic parts in their
end-use applications.

Previously known processes for purifying the bromi-
nated polystyrene have proven to be both costly and
ineffective. In Diebel et al., U.S. Pat. No. 4,200,703, a
purification procedure is disclosed for ionic halogen
removal from a brominated polystyrene. In accordance
with the procedure disclosed there, the ionic halogen or
salts are removed through multiple aqueous washes of a
brominated polystyrene/chlorocarbon solution. The
polymer is then 1solated by precipitation into a polymer
non-solvent and filtered. The Diebel process dissolves
the polymer then recovers it by precipitation. Although
such reprecipitation procedures are effective in remov-
ing occluded impurities, they are ineffective in remov-
ing hydrolyzable aliphatic halogen.

Accordingly, it is the primary object of the present
invention to provide a method for removing or reduc-
ing undesirable aliphatic organic bromine impurities
from brominated polystyrene.

Another object is to provide a method for removing
occluded inorganic halide impurities from the polymer.
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Yet another object is to provide a method for improv-
ing the thermal stability and reducing the corrosive
nature of brominated polystyrenes.

A still further object of the present invention is to
purify the brominated styrenic homo- or co-polymers
such as brominated polystyrene without the need for
first dissolving the polymer.

SUMMARY OF THE INVENTION

The foregoing and other objects, advantages and
features of the present invention may be achieved with
a process for the purification of aromatic brominated
polystyrene in which the brominated polystyrene is
treated in, alternatively, an aqueous slurry or a aqueous
non-solvent slurry, consisting of an alcohol having from
one to five carbons and water.

The novel process removes aliphatic bromine and
occluded elemental bromine from the brominated poly-
styrene by reaction with an appropriate chemical rea-
gent, such as ammonia or hydrazine, which serves as
both.a nucleophile and a bromine-reducing agent. In the
most preferred embodiment of the process, the crude
solid brominated polystyrene is treated as an aqueous
non-solvent slurry. Alternatively, it may be treated as
an aqueous slurry. The process is preferably conducted
in a stirred pressure vessel at a temperature ranging
from 100°-160° C. The product is isolated by filtration,
then dried in a forced draft oven to yield an off-white
powder.

When water alone is used as the digestion non-sol-
vent, a product is obtained which has reduced levels of
aliphatic halogen and free bromine but still contains
significant amounts of ionic halogen. However, when a
non-solvent mixture such as an alcohol containing from
one to five carbons and water are used for the digestion
solvent, occluded ionic halogen is also removed from
the product.

Brominated styrenic homo- and co-polymers such as
brominated polystyrene having virtually any degree of
aromatic bromination can be purified in accordance
with the novel processes of the present invention. More
specifically, this process is effective in treating bromi-
nated polystyrene having an organic bromine content
ranging from about O to about 76 percent. That range
corresponds to a product containing up to four bro-
mines per contained aromatic unit on the polymer. It is
most preferred to treat brominated polystyrenes which
contain from about 44 to about 76 percent organic bro-
mine, which corresponds to the range of 1 to 4 bromines
per aromatic unit. This range of 1 to 4 bromines per
aromatic unit represents the most useful range of or-
ganic bromine content for use in thermoplastic resins. In
addition, this purification process is suitable for use with
crude products which contain aliphatic organic halogen
on the polymer backbone in amounts ranging from
greater than O up to about 2 percent, but most com-
monly less than about 1 percent. This aliphatic halogen,
when present, makes a major contribution to thermal
instability.

The process disclosed and claimed herein can be used
with brominated polystyrenes which have Mp peak
average molecular weights ranging from about 1000 to
about 1.5 million. To determine the Mp value, the sam-
ple 1s analyzed by gel permeation chromatography. The
peak molecular weight is calculated by comparing the
retention time of the main peak with the curve gener-
ated using monodisperse polystyrene and styrene cali-
bration standards. The most usefu] and thus preferred
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range has been found to be from about 8,000 to about
120,000 peak molecular weight units. The upper practi-
cal range 1s about 300,000 peak molecular weight units,
based upon bromination of the commercially available
polystyrenes.

Brominated polystyrenes purified in accordance with
this invention are thermally stable as compared to crude
product and are useful as flame retardant additives in
various thermoplastic resins.

Although the purification procedure of applicant’s
invention was developed for brominated polystyrene, it
can also be used for the purification of other styrenic
copolymers and homo-polymers. For example, bromi-
nated styrene/maleic anhydride co-polymer, bromi-
nated styrene/acrylonitrile co-polymer, brominated
poly(a-methylstyrene) and brominated poly(p-methyls-
tyrene), as well as a wide variety of additional bromi-
nated styrenic homo-polymers and co-polymers can be
purified using this digestion procedure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with this invention, two related pro-
cesses have been developed for the purification of bro-
minated polystyrene. The first process requires treat-
ment of the brominated polymer as an aqueous slurry.
‘The product of the first process can be further purified
by dissolving the brominated polystyrene in a chloro-
carbon solvent such as 1,2-dichloroethane, and washing
the resulting brominated polymer solution to remove
the previously occluded impurities. After a second pre-
cipitation, an essentially salt-free polymer is obtained.
The second process uses a non-solvent system for the
digestion slurry, consisting of an alcohol having from
one to five carbons and water. When the alcohol is used
as the digestion solvent, a swelling and thus softening of
the polymer occurs. This increases the mobility of oc-
cluded impurities in the brominated polymer. Thus, the
removal of occluded impurities is achieved without the
need to dissolve the polymer in a chlorocarbon solvent,
wash the solution to remove impurities, precipitate the
polymer in a non-solvent, and isolate the polymer by
filtration.

There are a number of features common to both the
aqueous and the aqueous non-solvent digestion pro-
cesses. First, both processes treat the brominated poly-
styrene as a solid. The solid is slurried in the non-solvent
or mixed non-solvent at concentrations ranging from
about 1 to about 40 percent by weight. Second, both
processes use an appropriate bromine reducing agent

which also can act as a nucleophile such as ammonia,
- hydrazine, methyl amine, dimethyl amine or lower mo-
lecular weight amines to simultaneously reduce the
occluded bromine and react with the contained ali-
phatic halogen. Excess levels of ammonia, ranging from
about 1 to about 6 percent typically, by weight of the
polymer, are used in both processes. Third, both pro-
cesses are run at temperatures ranging from about 100°
C. to about 160° C. and, as a consequence, are run at
pressures greater than atmospheric.

The principal difference between the two processes is
in the degree of purification of the final brominated
polystyrene. Although both processes are equivalent in
terms of elemental bromine removal and similar in ali-
phatic halogen reduction, the aqueous digestion process
does not effectively remove occluded impurities such as
salt. Removal of these impurities requires additional
purification steps beyond the digestion process steps. In
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contrast, the aqueous non-solvent digestion process
affords a product with greater reduction of occluded
impurity content (and, in particular, ionic salts), than
the aqueous digestion process. In the aqueous non-sol-
vent digestion process, the alcohol softens the polymer,
resulting in greater mobility of the occluded impurities,
thereby effecting their removal.

Aqueous Digestion Process

The aqueous digestion process for the purification of
brominated polystyrene affords a product with a lower
aliphatic halogen content on the polymeric backbone.
Under the digestion conditions, the aliphatic halogen
reacts with a reducing agent, preferably ammonia, and
is simultaneously converted to ionic bromide which
remains occluded within the polymer. The brominated
polystyrene is treated with ammonia as an aqueous solid
slurry in a stainless steel pressure reactor at tempera-
tures greater than approximately 100° C. which results
in reaction pressures greater than atmospheric. The
amount of hydrolyzable halogen eliminated is propor-
tional to time and temperature; longer times and higher
temperatures affording the greatest effect.

Temperatures ranging from slightly greater than 100°
C. up to 160° C. have been found to be useful for the
removal of the aliphatic bromine contained on the poly-
meric backbone. The greatest removal occurs when the
higher temperatures in this range are used. Although
temperatures greater than 160° C. may be useful for
some brominated polymers with high melt ranges,
when the preferred brominated polymer is used, tem-
peratures greater than or equal to 160° C. cause exces-
sive softening of the polymer. This results in the solid
particles agglomerating, destroying the slurry, and pre-
venting ready recovery of the product. Although the
optimum purification temperature is dependent upon
the crude polymer softening temperature, the most
preferred temperature range lies between about 125° to
about 150° C. ’

Times ranging from about 1 to about 32 hours have
been evaluated for the aqueous digestion process.
Longer times afford the greatest decrease in hydrolyz-
able halogen, however, the extent of hydrolyzable re-
moval is not entirely linear with time. Digestion times
less than about eight hours do not provide maximum
decrease and times greater than about 16 hours do not
result in significant further lessening of the hydrolyz-
able halogen. Therefore, digestion times ranging from
about 8 to about 16 hours are most preferred for this
process.

Two parameters of minor importance for decreasing
aliphatic halogen are slurry concentration and the ex-
cess quantity of nucleophile/reducing agent required.
The preferred process involves treatment of brominated
polystyrene as a solid, preferably a solid/water slurry.
Slurry concentrations ranging from about 1 to about 40
weight percent solids have been evaluated. Slurry con-
centrations greater than about 40 weight percent are
very thick and difficult to handle: whereas very low
slurry concentrations are easily handled but lack practi-
cality due to low reactor productivity. Therefore, the
preferred slurry concentration falls between about 1 to
about 40 weight percent solid with slurry concentra-
tions between about 10 to about 30 weight percent solid
providing the most desirable balance of ease in handling
and producttvity. The crude product can be isolated
and slurried in water or the aqueous slurry resulting
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from the crude brominated polystyrene can be used
directly.

Bromine-reducing agents which can function as nu-
cleophiles, such as ammonia, hydrazine, methyl amine,
dimethyl amine, lower molecular weight amines, bisul-
fite, thiosulfate, and formate are most desirable for this
aqueous digestion process. Such reducing agents are not
only effective at lowering the quantity of aliphatic halo-
gen by nucleophilic reaction but they simultaneously
eliminate elemental bromine from the polymer. The
most preferred reducing agents are hydrazine and am-
monia. When ammonia or hydrazine are added to the
solid slurry and the temperature increased under pres-
sure, the ammonia, and hydrazine react with the ali-
phatic halogen contained on the polymer backbone.
Ammonia and hydrazine have the apparent ability to
penetrate the polymer partlcles The aliphatic halogen
which is present at levels ranging from about 3,000 to
about 6,000 ppm reacts with the ammonia or hydrazme
and is converted to a proportionate quantity of ionic
halide (ammonium bromide) which becomes occluded
within the polymer. These occluded salts are not mobile
and thus remain in the brominated polystyrene.

In addition to reaction with the aliphatic halogen, the
ammonia and hydrazine reduce the occluded elemental
bromine which is present at levels averaging approxi-
mately 500 ppm. The elemental bromine is also con-
verted to a pr0port10nate quantity of ionic halogen
which also remains occluded within the polymer. Thus,
the major portion of the occluded ionic halogen remain-
ing in the polymer results from the aliphatic halogen
content.

An excess of the reducing agent is required to ensure
complete reaction with contained elemental bromine
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reducing agent is obviously dependent on the actual
levels of the impurities in the spec1fic polymer being
purified. Typical levels of ammonia range from about 1
to about 12 percent by weight based upon the contained
solids. Higher concentrations of ammonia falling within
the range of about 3 to about 12 percent are most effec-
tive at hydrolyzable reduction with only a modest im-
provement at levels greater than about 3 percent. The
preferred reducing agent for the digestion is ammonia
which can be added as an anhydrous gas or as aqueous
ammonium hydroxide.

A typical crude brominated polystyrene prior to pres-
sure digestion in water with ammonia has an aliphatic
halogen content of about 3,000 to about 6,000 ppm and
about 200 to about 1,000 ppm occluded elemental bro-
mine. After purification by aqueous digestion, the ali-
phatic halogen content is decreased -to about 500 to
about 1,000 ppm and the occluded elemental bromine is
reduced to non-detectable levels. Correspondingly, the
jonic bromide occluded in the polymer increases to
about 5,000 to 10,000 ppm up from the 2,000 to 8,000
ppm in the crude product.

Upon completion of the aqueous digestion process,
the brominated polystyrene is isolated from the aqueous
mother liquor by filtration. The wet-cake is then
washed with water and dried in a forced draft oven at a
temperature ranging from about 140° to about 150° C.
Alternately, the brominated polystyrene can be further
purified by removal of the contained ionic halogen, by
dissolving the brominated polymer in a solvent such as
dichloroethane. The aqueous slurry resulting from the
aqueous digestion process is simply added with vigor-
ous stirring to hot dichloroethane resulting in an or-
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ganic brominated polymer solution with an aqueous
phase. The brominated polystyrene is then isolated from
the solution by adding the polymer solution to a non-
solvent, such as an alcohol. The polymer solution is
added to the alcohol at ambient temperature and the
precipitated product is isolated by filtration and dried.
Water may, alternatively, be used as the non-solvent. In
this case the organic brominated polymer solution is
added to refluxing water. The polymer solvent azeo-
tropically distills with water as the polymer simulita-
neously precipitates and is subsequently isolated as an
aqueous shurry. The product is then filtered and dried in
an oven. This solvent purification process decreases the
ionic halogen content from approximately 7,000 ppm to
less than about 500 ppm.

Aqueous Non-solvent Digestion Process

The aqueous non-solvent digestion process for purifi-
cation of brominated polystyrene affords a product
with not only decreased aliphatic halogen content, but
also with a decreased ionic halogen content. In a similar
fashion to the aqueous digestion process, the aliphatic
halogen contained on the polymeric backbone in the
aqueous non-solvent digestion process reacts with the
preferred bromine reducing agent, ammonia, convert-
ing it to occluded ionic halogen. In addition, elemental
bromine occluded in the polymer is also reduced by
ammonia and converted to a proportionate amount of
1onic bromide. However, the non-solvent digestion
process has the added advantage over the aqueous di-
gestion process of softening and swelling the polymer in
such a fashion that the occluded ionics have increased
mobility in the polymer, are dissolved in the solvent
phase, and so are removed.

The crude brominated polystyrene is treated as a
solid slurry in a digestion reactor such as a stirred stain-
less steel autoclave at temperatures greater than about
100° C. which results in pressures greater than atmo-
spheric. The extent of hydrolyzable reduction and ionic
halogen removal is dependent upon several digestion
parameters discussed below. A number of low molecu-
lar weight alcohols having from 1 to about 5 carbon
atoms are suitable for use as one component of the di-
gestion solvent in this purification process. The bromi-
nated polystyrene has the lowest solubility in alcohols
falling within this molecular weight range whereas, the
contained ionics of the polystyrene have the highest
solubility in these alcohols. In addition, ionic solubility
is greatest for the lower molecular weight alcohols,
especially those having 1 or 2 carbon atoms. Alcohols
which have been evaluated in the aqueous digestion
process include: methanol, n-propanol, 1sopropanol,
n-butanol, and n-pentanol. The relative proportions of
alcohol to water chosen varies depending upon the type
of alcohol used in the system. Larger ratios of the
higher molecular weight alcohols cause the product to
become sticky and form a product crust in the digestion
reactor, thereby reducing the effectiveness of the purifi-
cation. Large ratios of low molecular weight alcohols
cause undesirably high pressures in the digestion. The
preferred alcohols for the process include isopropanol,

n-butanol, and n-propanol because of their significant
solubility in water and the lower pressures which result
at the reaction temperatures thereby making these alco-
hols more favorable in industrial scale work. In addi-
tion, the preferred alcohols are readily purified for recy-
cle and easily removed from the product during drying.
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Temperatures ranging from about 100° to about 150°
C. have been evaluated for the alcohol digestion pro-
cess. The extent of hydrolyzable halogen elimination is
proportional to the temperature used. Higher digestion
temperatures produce the greatest elimination of ali-

phatic bromine levels and are more effective at ionic

halogen removal. This elimination is due in part to in-
creased softening and swelling within the polymer
caused by a combination of both temperature and alco-
hol which results in increased mobility of the ionics. As
temperatures are increased above about 140° C., the
alcohol temperature combination tends to increase soft-
ening of the polymer. The particles become sticky,
resultlng in a coagulation with a loss of product suspen-
sion in the slurry; the effectiveness of the purification is
impaired by larger particles. Although less effective,
temperatures below about 110° C., still afford some
degree of purification in terms of hydrolyzable halogen
elimination, but are generally much less effective for
ionic halide removal. This is most likely due to insuffi-
cient mobility of the ionics occluded within the polymer
at this temperature. Therefore, the preferred tempera-
ture range lies between about 125° to about 140° C. for
the digestion process, but ultimately, the optimum puri-
fication temperature is dependent upon the crude poly-
mer softening temperature, which in turn is influenced
by polymer molecular weight, degree of cross-linking,
and monomer composition used in polymerization.

We have evaluated digestion times ranging from
about 1 to about 36 hours for the aqueous non-solvent
digestion process. Digestion time is a parameter which
- affects the extent of elimination of aliphatic halogen and
the removal of occluded ionic halogen. Longer diges-
tion times equal to or greater than about 12 hours have
been found to be more desirable in terms of both hydro-
lyzable and ionic halogen removal. Ionic halogen re-
moval requires digestion times of about 16 hours for
maximal elimination. Digestion times less than about 8
hours are only moderately effective in hydrolyzable
halogen elimination. In addition, further hydrolyzable
halogen removal appears to be minimal at times greater
than about 16 hours, where an apparent leveling off
effect occurs. The preferred digestion time is thus about
12 to about 16 hours maximum, since there is no appar-
ent benefit to using longer or shorter times. The pre-
ferred digestion time is dependent on the crude polymer
characteristics, as detailed above in the preceding para-
graph.

For 1onic halogen removal, we have found that short
purification digestion times of less than about 8§ hours
are only moderately effective. For examp]e using 1
hour as a digestion time produces only a minor removal
of ionic halogen. Digestion times in the range of about
12 to about 16 hours have been found to be most ideal
with the maximum effect occurring at about 16 hours.
Thus, the preferred digestion time for maximal ionic
halogen removal lies between about 12 to about 16
hours. Overall, in terms of removing both hydrolyzable
halogen and ionic halogen the most preferred time is
about 16 hours.
~ Slurry concentrations generally have a significant
effect upon hydrolyzable halogen removal, based upon
evaluation of slurry concentrations ranging from about
1 to about 40 percent by weight of solids. For maximum
productivity, higher slurry concentrations such as about
30 or 40 percent by weight of solids are desirable. Slur-
ries having solids concentrations greater than about 40
percent are extremely viscous and difficult to handle,
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‘and therefore are less desirable for production pro-

cesses.

Slurry concentration produces a significant effect
upon removal of ionic halogen occluded within the
polymer. It has been found that slurries having solids
concentrations less than about 20 percent are more
effective at ionic halogen removal. Although effective
at 1onic halogen removal, however, solids concentra-
tions less than about 10 percent lack desirability from
the standpoint of production productivity. Overall,
solid concentrations of approximately 14 percent offer a
good balance between removal of ionic halogen while
maintaining a reasonable productivity and, therefore,
solid concentrations of about 14 percent are most desir-
able.

An aqueous non-solvent digestion process not only
minimizes hydrolyzable halogen but has the added ad-
vantage of removing the occluded ionic halogen.

The aqueous non-solvent digestion process has been
evaluated using alcohol-to-water ratios ranging from 95
percent alcohol/5 percent water, to about 5 percent
alcohol/95 percent water by weight. Although the
relative proportion of alcohol used has a minor effect in
regards to hydrolyzable halogen removal, the relative
ratio of alcohol to water does have an effect on ionic
halogen removal. The optimal alcohol-to-water ratio
lies between about 30 percent to about 70 percent alco-
hol, with maximal ionic elimination occurring at less
than about 50 percent with the most preferred being
about 30 percent alcohol by weight.

The digestion purification process has been evaluated
using ammonia concentrations ranging from about 1 to
about 12 percent by we1ght It has been found that
about 3 to 6 percent ammonia by weight, based upon
contained solids, is sufficient to produce the desired
results and, therefore, is the preferred level.

A typical crude product containing aliphatic halogen
of about 3,000 to about 6,000 ppm and ionic halogen
content of about 2,000 to about 8,000 ppm when di-
gested under the optimal conditions will contain a hy-
drolyzable halogen content of less than about 1,000 ppm
and 1onic halogen content of less than about 1,000 ppm.
The optimal digestion conditions are approximately a
temperature of about 140° C., a time of about 16 hours,
and an alcohol-to-water ratio of 30/70 and 3 percent
ammonia by weight of solids for isopropanol.

Upon completion of the aqueous non-solvent diges-
tion process, the product is isolated from the aqueous
non-solvent slurry by filtration. The off-white solids are
dried in a forced draft oven in the range of about 140 to
about 150° C. Alternately, the solids isolated by the
filtration can be dissolved in an organic chlorocarbon
solvent and reprecipitated into a non-solvent if further
purification is desired.

The following examples are presented as illustrative
only of the process of the invention and in no way are
intended to limit the invention to the specific features of
the process described:

EXAMPLE I

Purification of Crude Brominated Polystyrene (Mp
100,000) via the Aqueous Ammonium Hydroxide
Procedure

To a two-liter stirred stainless steel pressure reactor
was charged 300 g. of crude brominated polystyrene
wet cake having an LOD (loss on drying) of 30.2%,
(209.4 g. as dry product), 400.5 g. of water and 21.2 g.
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of aqueous ammonium hydroxide (29% as NH3). The

reactor was capped and the temperature gradually in-
creased to 140" C. (72 psig) where it was held for 12
hours under constant agitation. At the end of the hold-
ing period, the reactor and contents were gradually 5
cooled to less than 100° C. and a pressure of essentially
O psig. The slurry was removed from the reactor and
the solids separated via suction filtration. The wet cake
was washed with 363.2 g. of water followed by an addi-
tional 500 g. of water. This yielded 288.1 g. of water wet
cake having an LOD of 27.2%. The wet product (282.9
g.) was dried in a forced draft oven at 140° C. and yield
206.0 g. of final product. This is a yield of 98.49%.
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Analysis

Hydrolyzable Halogen as Bromide, ppm
Crude Purified

3300 1800

20

EXAMPLE 11

Purification of Crude Brominated Polystyrene (Mp
10,000-15,000) via the Aqueous Ammonium Hydroxide

Digestion Process: Effect of Slurry Concentration 25

In a similar fashion to Example I, low molecular
weight brominated polystyrene having an Mp molecu-
lar weight of 10,000-15,000 was purified via the aque-
ous ammomum hydroxide pressure digestion. However,
the slurry concentration as weight percent in solids was
varied to study its effect on purification. The digestion
conditions were 140° C., 12 hours digestion time using 3
welght percent ammonia, based upon the solids content.

30

These results are listed in Table L 35
TABLE 1
Effect of Varying Slurry Concentration
Slurry
Concentration, Hydrolyzable Halogen as Bromide, ppm
Wt. % Purified Crude 40
Solids Product Product Comments
1% 3500 4000
17.5 1600 4500 8 hr.
run time
30 2300 4000 45
40 2000 4000
EXAMPLE II1
Purification of Crude Brominated Polystyrene (Mp 50
10,000-15,000) via the Aqueous Ammonium Hydroxide
Digestion Process: Effect of Digestion Time
In a similar fashion to Example I, low molecular
weight brominated polystyrene was purified by pres- 5

sure digestion as a solid/slurry in aqueous ammonium
hydroxide. However, the reaction time was varied from
one to 32 hours. The digestion conditions used were
140° C., 30 weight percent solid aqueous slurry and 3

weight percent ammonia based upon the solids content. 60

TABLE II

Effect of Digestion Time on Hydrolyzable Bromine
Digestion Time, Hydrolyzable Halogen as Bromide, ppm

Hours Punfied Product Crude Product 65
M
1 3600 4000
2 1600 4000
12 2300 4000

10

TABLE II-continued

__Eftect of Digestion Time on Hydrolyzable Bromine
Digestion Time, Hydrolyzable Halogen as Bromide, ppm

Hours Purified Product Crude Product
16 1400 4000
32 1500 4000
EXAMPLE IV

Purnification of Brominated Polystyrene (Mp
10,000-15,000) via the Aqueous Ammonium Hydroxide
Digestion Process: Effect of Digestion Temperature

In a fashion similar to Exampie 1, the effect of tem-
perature on the purification of brominated polystyrene
was evaluated via the aqueous ammonium hydroxide
digestion procedure. Temperatures ranging from 100°
C. to 160" C. were evaluated.

TABLE 111
Effect of Temperature on Hydrolyzable Bromine
Digestion
Temperature, Hydrolyzable Halogen as Bromide, ppm
*C. Purnified Product Crude Product
100 4300 4000
110 4700 4500
125 2400 4000
140 2300 4000
150 1000 4500
160 700 4000
EXAMPLE V

Punfication of Crude Brominated Polystyrene (Mp
10,000-15,000) via the Aqueous Ammonium Hydroxide
Digestion: Effect of Ammonia Concentration

Low molecular weight brominated polystyrene was
purified in a fashion similar to Example I using the
aqueous digestion procedure. The temperature for the
digestion was 140° C. The time was maintained at 12
hours and the slurry concentration at 30 percent by
weight of contained solids. However, for ammonia, the
concentration was varied from 2 to 12 percent by

weight of solids.
| TABLE IV
The Effect of Ammonia Concentration on Hydrolyzable Halogen
Ammontia
Wt. % _Hydrolyzable Halogen as Bromide, ppm
on Solids Purified Product Crude Product
2 2700 4000
3 2300 4000
6 1000 4000
12 1700 4000
EXAMPLE VI

Purification of Crude Brominated Polystyrene (Mp
10,000-15,000) via the Aqueous Digestion Procedure:
Effect of Chemical Reagent for Treatment

In a fashion similar to Example I, except that the
chemical treatment reagent was varied, a low molecular
weight brominated polystyrene was purified using the
aqueous digestion process described in Example II. The
temperature for the digestion was 140° C,; the time was
maintained at 12 hours and the slurry concentration at
30% by weight upon contained solids. The reducing
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agent used to effect the purification was varied, but
maintained at 3% by weight based upon solids.

TABLE V

The Effect of Reducing Agent Type on Hydrolyzable Bromine
Hydrolyzable Halogen

as Bromide, ppm

Reagent Used Crude Purified
Sodium bisulfite 4000 4100
Sodium formate 4000 3900
Hydrazine 4000 2300

R ==

EXAMPLE VII

Purification of Brominated Polystyrenes via the
Aqueous Ammonium Hydroxide Digestion Procedure:
Effect of Polymer Molecular Weight

- In a fashion similar to Example I, a number of bromi-
nated polystyrene homopolymers of varying molecular
- weights were evaluated via the purification procedure.
The results are listed in Table VI along with the varia-
tion of conditions from that of Example 1. The digestion
time was 12 hours.

TABLE VI

5,328,983
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moved from the reactor and the solids separated by
suction filtration. The resulting wet cake was washed
with water which afforded 399.8 g. of wet cake. After
drying at 140° C. in a forced draft oven, 226.8 g. of
purified brominated polystyrene was recovered. This
recovery represents approximately a 100%/yield.

Hydrolyzable Halogen Ionic Halogen
as Bromide, ppm as Bromide, ppm
Crude product 3800 3900
Purified product 500 1000
EXAMPLE IX

Purification of Brominated Polystyrene (Mp
10,000-15,000) via Digestion in Isoproponal and Water:
Effect of Slurry Concentration

In a fashion similar to Example VIII brominated
polystyrene was purified via digestion in an isopropanol
water mixture consisting of 30% isopropanol to 70%
water by weight. Conditions that vary from those de-
scribed in Example VIII as well as results are listed in

%

Purification of Brominated Polystyrene of

Varying Molecular Weight

Polystyrene Slurry

Hydrolyzable Halogen

Mp Temperature  Concentration as Bromide, ppm
Molecular Weight ‘C. Wt 9% Solids  Purified Product  Crude Product
M

500 125 20 3400 14600

2,000-3,000 140 30 1100 6500
10,000-15,000 140 30 900 4500
100,000-125,000 150 30 800 1500

_

EXAMPLE VIII Table VII. The amount of ammonia used was 3 weight
percent based upon solids content of the slurry.
TABLE VII
The Effect of Slurry Concentration
| on the Water/Isopropanol Purification
Slurry Purified Product Crude Product
Comparison  Concentration Temp Time Hydrolyzable Halogen  Ionic Halogen Hydrolyzable Halogen Ionic Halogen
Number Wt. % Solids *C. Hours As Bromide, ppm As Bromide, ppm As Bromide, ppm As Bromide, ppm
] | 125 12 3100 2200 4000 8500
40 125 12 1400 2400
2 14 110 g 2300 3300 4500 7900
40 110 8 400 5400
3 14 110 36 1700 2800
40 110 36 1700 4800 4000 8900
4 14 140 12 1300 600
14 140 12 800 1300
30 140 12 200 4600
5 17.5 140 12 800 2700 (70% IPA) 4500 7900
30 140 12 400 5400 (70% IPA)
Purification of Crude Brominated Polystyrene (Mp 55
10,000-15,000) Using 30% Isopropanol and Aqueous
Ammonium Hydroxide
Y EXAMPLE X

The following were charged into a stirred two-liter
stainless steel pressure reactor: 320.0 g. of crude bromi-
nated polystyrene wetcake having an LOD of 29.8%
(223.4 g. as dry product), 383.0 g. of isopropanol, 782.0
g. of water, and 22.7 g. of aqueous ammonium hydrox-
ide (29.8% as NH3). The reactor was closed and the
temperature gradually increased to 140° C. (72 psig)
where it was held for 16 hours being constantly agi-
tated. At the conclusion of the holding period, the reac-
tor and contents were gradually cooled to ambient tem-
perature and a pressure of O psi. The slurry was re-

Purification of Brominated Polystyrene (Mp

6o 10,000-15,000) Using Isopropanol and Water Digestion

System: Effect of Digestion Time

In a similar fashion to Example VIII, brominated
polystyrene was purified via the isopropanol water
digestion procedure. However, the treatment time was

65 varied from 1 to 32 hours to study its effect on the

purification. The results of this work are listed in Table
VIII. The digestion temperature was 140° C., using a
1sopropanol-70% water mixture.
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TABLE VIII
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e e —————e
Effect of Treatment Time on the Isopropanol Water Digestion

Shurry |
Time  Concentration Hydrolyzable Halogen Ionic Halogen Hydrolyzable Halogen Ionic Halogen
Hours  Wt. 9% Solids As Bromide, ppm As Bromide, ppm As Bromide, ppm As Bromide, ppm
1 15 2000 2000 4000 8600
8 14 1100 1200 4500 7900
12 14 1300 00
16 15 1100 200 4000 8900
32 15 1100 800
water was varied over a range of 95% alcohol to 5%
EXAMPLE XI s

alcohol in order to evaluate the effect upon hydrolyz-

Purification of Brominated Polystyrene (Mp able halogen reduction and ionic halogen removal. The

10,000-15,000) by Isopropanol Water Digestion: Effect 15 digestion temperature was 140° C. for a 12-hour time
of Digestion Temperature period. The results are tabulated in Table X.

TABLE X
Effect of Isopropanol to Water Ratio for Digestion

Wi. % Ratio Slurry Purified Product Crude Product
of IPA to Concentration Hydrolyzable Halogen  Ionic Halogen = Hydrolyzable Halogen Ionic Halogen
Water Wi, % Solids As Bromide, ppm As Bromide, ppm As Bromide, ppm As Bromide, ppm
2/95 15 1600 000 4000 8900
30/70 14 1300 600 4000 8900
70/30 17.5 300 2100 4000 8900
95/5 15 800 800 4000 8900

MHM

Low molecular weight brominated polystyrene was
purified in a fashion similar to Example VIII with the
exception that the temperature was varied over a range 30
from 100 to 140° C. The solvent consisted of a mixture
of 30% isopropanol and 70% water. Digestion time was
12 hours. The object of the experiment was to evaluate
the effect of temperature upon hydrolyzable and ionic
halogen. The results are listed in Table IX.

TABLE IX

EXAMPLE XIII

Digestion of Brominated Polystyrene (Mp
10,000-15,000) Using Various Aqueous Alcohol
Systems: Effect of Alcohol on Purification

In a similar fashion to Example VIII, alternate alco-
hols have been evaluated for the digestion purification

process In place of isopropanol. These alcohols are

ettt i
IsnErc}EanoI Water Dlgestmn TcmErature

_ Purified Product
Temp Slurry Concent. Hydrolyzable Halogen

Ionic Halogen

Hydrolyzable Halogen

___Crude Product

Ionic Halogen

*C. Wt. % Solids As Bromide, ppm As Bromide, ppm As Bromide, ppm As Bromide, ppm
100 15 3100 4600 4000 8900
110 14 3300 4700 4000 8900
140 14 1300 600 4000 28900
140 14 800 1300 4000 8900

EXAMPLE XII

Purification of Brominated Polystyrene (Mp
10,000-15,000) Using Varying Ratios of Isopropanol to

listed in Table XI as well as the variation in conditions
with which they have been evaluated. The reactions

were conducted at 125° C. using 3 weight percent am-
monia.

TABLE XI

Alternate Alcohols Used for Brominated
Polystyrene Digestion Purification

Alcohol  Slurry
To Water Conc. e Purifiecd Product Crude Product
Ratio Wt. %  Time, Hydrolyzable Halogen Yonic Halogen Hydrolyzable Halogen Jonic Halogen
Alcohol Wt. % Solids  Hours As Bromide, ppm As Bromide, ppm As Bromide, ppm As Bromide, ppm
Methanol 85/15 17.5 12 1900 1700 6400 3900
Methanol 70/30 17.5 12 1200 2100 4100 4600
n-Propanol 70/30 17.5 12 800 1000
n-Propanol 30/50 17.5 8 600 1800 4500 7900
n-Butanol 65/35 20 g 700 3500 4000 8900
n-Butano] 50/50 17.5 12 1000 600
n-Pentanol 70/30 17.5 12 800 1000 4000 £900
Isopropanol 70/30 17.5 12 500 3200 4500 7900
Isopropanol 30/70 14.0 16 500 1000 3800 3900
Water
In a similar fashion to Example VIII, brominated
polystyrene was purified. The ratio of isopropanol to We claim:
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1. A process for reducing the amount of impurities in
styrenic homo-polymers or co-polymers that have been

brominated, and having an organic bromine content of

up to approximately 76 percent by weight, said poly-

mers including as occluded impurities at least one of 3

- halogens 1n aliphatic positions on the polymer backbone
and elemental halogen, said process comprising the
steps of:

a. combining said brominated polymers with an aque-
ous non-solvent to form a slurry;

b. reacting the at least one of halogens in aliphatic
positions on the polymer backbone and elemental
halogen occluded impurities in said brominated
polymers while in the slurry with a halogen-reduc-
ing agent for a sufficient time and at a sufficient
temperature to reduce the at least one of aliphatic
halogen compounds and elemental halogen oc-
cluded 1mpurities to 1onic halogen materials; and

c. separating the ionic halogen materials from the
brominated polymers.

2. A process as claimed in claim 1 wherein the aque-

ous non-solvent is water.

3. A process as claimed in claim 1, wherein the or-
ganic bromine content of said polymers ranges from
approximately 44 to approximately 76 percent by
weight. |

4. A process as claimed in claim 1, wherein the suffi-
cient temperature is in the range of approximately 100
to approximately 160 degrees centigrade.

5. A process as claimed in claim 1, wherein the suffi-
cient time is in the range of about 1 to about 36 hours.

6. A process as claimed in claim 1, wherein the halo-
gen-reducing agent is selected from the group consist-
ing of ammonia, hydrazine, methyl amine, dimethyl
amine, formate and lower molecular weight amines.

1. A process as claimed in claim 6, wherein the halo-
gen-reducing agent is ammonia.

8. A process as claimed in claim 1, wherein step c.
comprises isolating the polymer product by filtration
and drying the polymer product.

9. A process as claimed in claim 1, wherein the aque-
ous non-solvent is an alcohol-water mixture.
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10. A process as claimed in claim 9, wherein the alco-
hol is selected from the group consisting of low molecu-
lar weight alcohols having from about 1 to about 5
carbon atoms. |

11. A process as claimed in claim 10, wherein the
alcohol is a member selected from the group consisting
of isopropanol, n-butanol, and n-propanol.

12. The process of claim 1 in which said polymers
include halogens in aliphatic positions of the polymer
backbone, step b. comprising reacting the occluded
aliphatic halogen compounds with a halogen-reducing
agent to produce ionic halogen materials, and step c.
comprises removing the ionic halogen materials from
sald polymers. |

13. The process of claim 1 in which said polymers
include occluded elemental halogen, step b. comprising
reacting the occluded elemental halogen with a halo-
gen-reducing agent to produce ionic halogen, and step
c. comprnses removing the ionic halogen from said poly-
mers.

14. The process of claim 1 in which said polymers
include both halogens on aliphatic positions of the poly-
mer backbone and occluded elemental halogen, step b.
comprising reacting the halogens on aliphatic positions
of the polymer backbone and elemental halogen with a
halogen-reducing agent to convert both into ionic halo-
gen materials, and step ¢. comprises removing the ionic
halogen materials from said polymers.

15. The process of claim 2 in which step c. comprises
1solating the polymer product by filtration and drying.

16. The process of claim 2 in which step c. includes
recovering said polymers from the slurry and then dis-
solving said polymers in a chlorocarbon solvent and
washing the resulting brominated polymer solution to
remove occluded 1onic halogen materials.

17. The process of claim 2 in which said polymers
comprise from about 1 to about 40 percent by weight of
the slurry. |

18. The process of claim 17 in which said polymers
comprise from about 10 to about 30 percent by weight
of the slurry.

19. The process of claim 2 in which said sufficient

temperature is between about 125° C. and about 150° C.
X % * x »
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